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Abstract 
Modern manufacturing industry needs to produce a precision product, minimal defects and also low maintenance so 
the production costs could be reduce as minimum as possible. Also to meets with environment and international 
standard, the efficient machinery tools needed to fulfill the standard requirement. On conventional oil chiller with 
On/Off system was not able to meet industrial needs, because it is bad accurate and low energy efficiency. Variable 
speed mode (VSM) replaced conventional ON/OFF system. VSM is a mode using an inverter to get high accuracy in 
keeping oil temperature steady out of the target. An accurate oil temperature control system within a very restricted 
range could be achieved by VSM system. In order to get low deviation from the targeted temperature, the oil cooling 
system with VSM need controlled by an inverter-driven refrigerator which has been applied to a new theory to 
control the oil temperature.  
This paper presents an experiment research to control the oil temperature constant at target point, in this experiment is 
35 °C by using an inverter attached in compressor to varying the compressor speed.  This control has been completed 
and tested through an experiment with different heat load of 4kW, 6kW, 7kW, 8kW and 10kW given under 
temperature constant room conditioned as 25°C. The results had shown that the temperature deviation in the 
refrigerator has around 0.2°C and gain 20% of energy saving. 
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1. Introduction 
Conventional refrigeration system is using a degree of the opening angle of EEV to control the cooling 
capacity. Conventional refrigeration and oil cooling system are designed with maximum load of heat 
capacity due to the maximum compressor speed. But the refrigeration system and oil cooling operated 
only at part-load for much of their life. Part-load operation is characterized by using On/Off compressor 
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Asia Pacific 
sines  In ovation and Technology Management Society Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
784   Dong-Won Choi et al. /  Procedia - Social and Behavioral Sciences  40 ( 2012 )  783 – 787 
 
control and results in reduced steady-state efficiency, cycling losses, poor temperature control, low 
reliability and with higher maintenance cost.[1]. 
Since the inefficient use of electrical energy supplying the compressor in cooling system is regarded as 
one of indirect contribution to the emission gas. A new method uses a capacity control matched the target 
load system with heat load [6]. The capacity control reduces the On/Off cycling losses of the equipment 
and also improves the steady state efficiency of the plant due the lower pressure differential across the 
compressor at part load conditions [2]. 
2. Refrigeration Cycle 
Heat flows naturally from a hot to a cold body. In refrigeration system the opposite must be occurred, 
i.e. heat flows from a cold to a hotter body. This can be achieved by using a substance called a refrigerant, 
which absorbs heat and hence boils or evaporates at a low pressure to form a gas. Fig. 1 shows a simple 
vapor compression refrigeration cycle on the T-S diagram for different compression processes. The 
coefficient of performance is given by Eq. 1. The cooling effect and work of compression are formulated 
by Eq. 2 and Eq. 3 respectively. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Typical refrigeration cycle 
 
COP= (Cooling Effect)/(Work supplied)   (1) 
q_2=(h_B-h_A )   (2) 
w=(h_c-h_B )   (3) 
Changing the compressor frequency will lead the refrigerant flow rate to be changed. Then it also 
changes the cooling capacity. In experiments, we had to measure the pressure, temperature and mass flow 
rate of refrigerant to get the empirical correlation between compressor frequency and cooling capacity. 
Since the experiment has been done, we got the frequency-cooling capacity correlation formula out of the 
experiment results and that formula consists of a linear equation. 
y = Ax+b                             (4) 
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Where y is the cooling capacity, x is the compressor frequency, A is the slope and B is the constant 
value got from experiment. 
In this study, the proportional gain is taken from linearization of the frequency range of the compressor 
from zero until maximum and the maximum cooling effect will be obtained. In the Laplace domain, the 
PID equation to control the compression frequency was taken from Eq. 6 [1]. 
 
U(s)=K(1+1/(T_1 s)+(T_D s)/(1+(T_D s)/N) E(s)              (5) 
 
Manipulating the equation to discrete time will give the proportional, integral, derivative respectively 
as shown in Eq. 7 to Eq. 9. 
 
U_p (k)=K_p e^k                  (6) 
U_I (k)=U_I (k-1)+(K_p T)/T_I  K_p e(k)                 (7) 
U_D (k)= K_p N(e(k)-e(k-1) )+exp༌((-TN)/T_D ) U_D (k-1) (8) 
U_Total (k)=U_p(k)+U_I (k) + U_D (k)                           ( 9) 
 
Where U(s) and E(s) are the Laplace output and error respectively, K is the proportional gain, TI is the 
integral, or reset, time, TD is the derivative time, and N is a constant for the filter in the derivative portion. 
There are two basic schemes for sensing superheat. True superheat means a pressure-temperature 
relationship, specific to each refrigerant. When electronically derived, pressure-temperature (P-T) 
superheat requires the use of a pressure transducer, a temperature sensor, and a pressure-temperature table 
or equation.. 
3. Experiment Apparatus 
The compressor speed is controlled by inverter frequency and the superheat is controlled by EEV 
aperture. The compressor normal frequency range is 30 Hz - 60 Hz. and the EEV aperture full open is 512 
Step from fully closed state. Fig. 2 Shows the screenshot of our program.  
 
 
 
 
 
 
 
 
Fig. 2 View of a running program 
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4. Results and Discussions 
Experiments have been conducted with load variation from 4kW until 10kW. The Normal load is 
about 7kW-12kW, and the compressor will run under below 30Hz under these loads. Hence the deviation 
of the constant temperature is high as shown in Fig. 3. In normal load condition the compressor will be 
never turned off, therefore the cooling effect of 8kW and 10kW are almost same with deviation value 
0.2°C. And for abnormal condition, the lower load has higher deviation. This difference was caused by 
different On/Off time of the compressor as shown in Fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Fig. 3 Variation of temperature deviation                             Fig. 4 Variation of cooling effect 
 
Fig. 5 shows the discharge-suction variation at different loads. The pressure difference between 
suction and discharge of the compressor is related to the energy consumption. Superheat was kept as 
constant around at 8oC as shown on Fig.6. And the energy saving using VSRS compared with On/Off 
mode averagely is around 20% with the highest saving energy achieve on 10kW variation because no 
On/Off mechanism on this load variation, as shown on Fig.7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Fig. 5 Discharge-Suction at load variation                         Fig. 6 Superheat at 10 kW of heat load 
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Fig. 7 Variation of total energy saving 
5. Conclusions 
The control system of the variable speed refrigeration has been conducted and using linearization of 
cooling capacity as the proportional gain in PID control resulted in the deviation from the target around 
0.2°C in normal load. It has also higher deviation under the abnormal load. The superheat maintained 
steadily around 8oC of difference. The increased deviation caused by the compressor has a band pass 
range of frequencies and the operation was held automatically below 30Hz for reliability issue. Also the 
energy saving achieved up to 20% compared with On/Off system. 
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